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Background and aims: Midgut carcinoid tumours are uncommon tumours with an unpredictable clinical
behaviour and few useful prognostic markers. Somatostatin analogues are widely used in treatment but a
survival advantage has not been proven. We analysed features associated with poor prognosis and
assessed the clinical implications of the biochemical response to therapy.
Methods: Clinical and biochemical data were collected for patients with midgut carcinoid tumours
attending a tertiary referral neuroendocrine clinic from 1978 to 2000. Using death as the end point,
univariate and multivariate survival analyses were performed to identify prognostic indicators. The
significance of altering biomarkers with therapy was also studied by including repeated measurements of
the most prognostic biochemical parameter in a time dependent covariate survival analysis.
Results: We identified 139 patients with sufficient data for our analyses. Factors associated with a poor
outcome on univariate analysis included: plasma neurokinin A (NKA), urinary 5-hydroxyindolacetic acid
output, age, and >5 liver metastases. Plasma NKA was the strongest and only independent predictor of
outcome on multivariate analysis. Patients in whom NKA continued to rise despite somatostatin analogues
had a significantly worse survival than those in whom NKA stabilised or fell (one year survival rate 40% v
87%). Time dependent covariate analysis concluded that survival was better predicted by the most recent
plasma NKA value rather than by the initial value.
Conclusions: Plasma NKA is an accurate marker of prognosis for midgut carcinoid tumours. This is the first
paper to support a survival advantage in patients in whom plasma NKA is altered by somatostatin
analogues.

M
idgut carcinoid tumours are an uncommon group of
neoplasms with an incidence approaching 1 per
100 000 per annum.1 2 The majority of cases have

metastases at the time of diagnosis3 and surgical cure is
frequently not possible. Variation in their clinical behaviour
and several potential treatment options make predicting
prognosis desirable. Unfortunately, there are few useful
prognostic markers presently available.4 The majority of
studies to date have investigated carcinoid tumours as a
collective group.5–10 Pulmonary, gastric, and midgut tumours
(that include appendiceal tumours in many studies) are
heterogeneous,11 making interpretation of the available
results specifically for midgut tumours very difficult. One of
the few papers studying the effect of biochemical markers on
survival for midgut carcinoid tumours concluded that only
chromogranin A and increasing age were independent
markers of outcome.12

Somatostatin analogues are the most widely used ther-
apeutic option for midgut carcinoid tumours. They are
generally well tolerated and highly effective in reducing
symptoms.13 14 Biochemical markers are altered by somatos-
tatin analogue therapy; reductions in plasma neuropeptide K,
neurokinin A (NKA), chromogranin A, and urinary
5-hydroxyindolacetic acid (5HIAA) have been reported.15–17

Somatostatin analogues may have antitumour effects18 and
there are occasional reports of dramatic clinical responses.19

However, tumour regression is modest and a survival benefit
has not been definitively proven.

NKA is an important member of the tachykinin family and
plasma concentrations are elevated in patients with midgut
carcinoid tumours.20 Both NKA and substance P (SP),
another similarly structured tachykinin, are known to have

effects on gastrointestinal motility, vasodilatation, and
flushing, and can be associated with effects on lymphocytes
and mast cell degranulation.21 Both NKA and SP are stored
and secreted by classical midgut carcinoid tumours.22 23

Neuropeptide K is an N terminal extended form of NKA.24

Raised concentrations were noted in the plasma of 46% of
patients with midgut carcinoid tumours.12 Members of the
tachykinin family are used in several centres, including
Belfast, as biomarkers for midgut carcinoid tumours.

We hypothesised that plasma NKA would be a useful
independent marker of prognosis and that a reduction in
circulating concentrations of NKA by somatostatin analogues
would be associated with a survival benefit compared with
biochemical non-responders. This study reports a retro-
spective analysis investigating both NKA and other biochem-
ical markers of prognosis and the clinical implications of
altering biochemical properties with therapy.

MATERIALS AND METHODS
The study was approved by the Research Ethics Committee of
the Queen’s University, Belfast.

Data collection
Sequential patients diagnosed with classical midgut carcinoid
tumours from January 1978 to December 2000 were
identified using a population based cancer registry and a
separate clinical register established by a tertiary referral
neuroendocrine tumour clinic.

Abbreviations: NKA, neurokinin A; 5HIAA, 5-hydroxyindolacetic acid;
SP, substance P
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Midgut carcinoid tumours were considered as the group of
tumours identified by histopathology to be classical carcinoid
tumours with positive neuroendocrine markers and histology
consisting of the typical characteristic rounded nests of
closely packed cells with peripheral palisades.25 The primary
site was in the gastrointestinal tract from the distal
duodenum to the mid transverse colon, as described by
Williams and Sandler.26 Appendiceal tumours were excluded
as they behave very differently.27

Clinical and biochemical data were collected from several
sources, including hospital charts, pathology reports, and
biochemistry laboratory records for each patient. Details of
tumour characteristics, treatment, and circulating biochemical
markers were recorded at diagnosis. For biochemical assess-
ment at diagnosis, samples were taken within the first year of
diagnosis and before any therapy other than the original
surgery. Samples taken outside this period or after any other
form of therapy were not included in the initial analyses.
Results of circulating biochemical markers during the follow up
period were also recorded to assess the impact of therapy on
biochemistry and any associated effect on survival.

The degree of metastatic disease at diagnosis was
determined by combining the findings at surgery and those
of a combination of radiological assessments. The findings of
locoregional lymphatic disease or of multiple hepatic metas-
tases were often made at surgery. Radiological assessment of
patients was combined with surgical findings and varied over
time, but most patients underwent ultrasound examination
followed by cross sectional imaging with either computed
tomography or a combination of computed tomography and
magnetic resonance imaging if findings were uncertain. In
addition, somatostatin receptor scintigraphy was performed
on increasing numbers throughout the study period and
provided additional information. By combining the examina-
tions, an accurate determination of disease extent at
diagnosis was made. Where small numbers of liver metas-
tases were encountered, more than one method of assess-
ment of the number of metastases was used to determine if
there were more or less than five liver lesions.

Biochemical assessments by radioimmunoassay where per-
formed in the same peptide laboratory using the same protocols
throughout the study period. All samples underwent one freeze-
thaw cycle. The peptide laboratory provides clinical laboratory
results for a large area of the UK and regularly performed
quality control measures throughout the study period.
Radioimmunoassay for NKA was performed using antibodies
raised in guinea pig against human NKA (Bachem UK Ltd, St
Helens, UK) coupled to ovalbumen using glutaraldehyde. The
antibody is mid to C terminal and reacts with neuropeptide K on
an equimolar basis. It also shows cross reactivity with SP
(,10%). There was no cross reaction with other neuropeptides
tested. Radiolabelled NKA was obtained from GE Healthcare
(Amersham, St Giles, UK). Standard and quality control were
prepared internally from synthetic NKA (Bachem UK Ltd) and
from plasma prepared from midgut carcinoid tumour patients
and these were included in all batches. Inter and intra-assay
coefficients of variation were 9.8% and 6.2%, respectively, at a
concentration of 22 pmol/l. The antibody was changed once
during the study period, in 1994, and was validated against the
earlier antibody without significant variation. For the majority
of the study period, plasma pancreastatin28 was used as a
surrogate marker for chromogranin A as a new assay was being
developed for chromogranin that had not been fully validated.
Unfortunately, as a result, reliable chromogranin A concentra-
tions were not available.

Statistical analysis
Initial analyses were performed to identify features at
diagnosis associated with poor outcome. Comparisons of

values between groups were made using non-parametric
methods with Kruskal-Wallis one way analysis of variance
ranks and the Mann-Whitney U test. Univariate survival
analysis was performed using Kaplan-Meier survival plots
and comparisons between groups made with the log rank
test. Survival was measured from diagnosis; death due to all
causes was used as the clinical end point with follow up
taken to the end of 2002. The first available biochemical data
were used and all samples were taken within the first year of
diagnosis and prior to any therapy other than the original
surgery. Covariates identified as having an influence on
survival by univariate analysis were included in a multi-
variate analysis using a Cox’s proportional hazards model.

Having identified features associated with poor outcome in
the initial analyses, the prognostic significance of biochem-
ical response to therapy was also assessed. Kaplan-Meier
survival plots and log rank tests were used to compare
survival from treatment to death or end of follow up between
biochemical responders and non-responders. To assess
further the overall impact of biochemical response to therapy
on survival, a Cox model was used including, as a time
dependent covariate, the most recent biochemical measure-
ment available. This time dependent covariate analysis was
programmed to utilise all biochemical results by assessing the
effect of the most recent plasma NKA on outcome at multiple
time points for each patient. The analysis was then used to
compare the effect on outcome of the most recent plasma
NKA against the effect of the original plasma NKA to
determine if altering this biomarker had any influence on
survival. As this analysis took into account the timing of the
sample and its effect on survival, all biochemical data could
be used to determine the effects of altering the plasma
concentrations of peptides with therapy. Each patient
contributed to this analysis from the time of their first
available biochemical measurement. Analyses were per-
formed using SPSS version 11 (SPSS Inc, Chicago, Illinois,
USA) and Stata release 7 (Stata Corp, College Station, Texas,
USA).

RESULTS
Tumour characteristics
Clinical data were available for 139 patients; 64 were male
and median age at diagnosis was 66 years (range 22–96). It
was possible to determine the exact anatomical location of
the primary tumour in 120 patients; six had multiple
tumours involving more than one anatomical site. Most
tumours were ileal (98) or caecal (22), with the remaining
tumours located in the ascending colon (n = 1), jejunum
(n = 3), or Meckel’s diverticulum (n = 2). Nineteen patients
did not have surgical resection or biopsy of their primary
tumour, making the precise anatomical site of the primary
tumour difficult to confirm. All 19 had metastatic disease and
two positive biochemical markers of midgut carcinoid
tumours (plasma NKA and urinary 5HIAA output). In
addition to biochemical features, all 19 had either histological
confirmation of carcinoid tumour of the metastases or
radiological evidence, or surgical visualisation of the primary
tumour in the midgut region. Of the 10 patients with biopsy
of liver metastases, only four did not also have evidence
(radiological or direct surgical visualisation) of a primary
tumour in the midgut region.

In total, 111 of 138 (80.4%) patients had metastases at the
time of diagnosis. Presence or absence of lymphatic spread
was determined in 133 patients. Of these, 47 (35%) had
regional lymph node disease, 55 (41%) had lymph node
disease distant to the primary tumour, and only 31 (23%) had
no nodal metastases. Of 137 patients for whom details were
available, 52 (38%) had liver metastases. Seventeen had less
than five liver metastases and the remaining 35 had five or
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more deposits. Other metastatic sites were: peritoneal
seedlings (n = 9), bone (n = 5), ovarian (n = 5), skin
(n = 1), umbilicus (n = 1), and breast (n = 1). One patient
had disseminated metastatic disease with most organs
involved.

Surgery was performed on 121 (87%) patients. The primary
tumour was successfully removed in 110 of these patients. In
only 19 patients (16%) was the tumour diagnosed preopera-
tively. Median delay from clinical diagnosis to surgery was
49 days (interquartile range 25–118). Diagnosis was made by
discovery of the tumour at surgery for the remaining 102
patients. Fifty four cases had either an incidental presenta-
tion or an acute abdominal emergency (with less than one
month of preceding symptoms). When these patients were
excluded, the median delay from first symptoms to diagnosis
was 10 months (interquartile range 3–33).

Biochemical characteristics at diagnosis
Sixty one of 100 patients with a recorded 24 hour urinary
5HIAA output at diagnosis had a raised output (median
76 mmol/24 hours (interquartile range 20–237); normal range
,42).

Fifty one (70%) of 73 patients had a raised plasma NKA
concentration. Median initial concentration was 35.3 pmol/l
(interquartile range 15.4–117.8; normal range ,17.l). Sixty
five had both urinary 5HIAA output and plasma NKA
concentrations available. Fifty seven of these had a raised
result for one of the tests (sensitivity 87.7%). Of the eight
patients with negative results, all eight were taken after

surgery and seven of the eight were considered to have had a
surgical cure with no evidence of metastases in the
immediate postoperative period.

Both urinary 5HIAA (Spearman’s coefficient 0.64;
p,0.001) and plasma NKA (Spearman’s coefficient 0.66;
p = 0.001) strongly correlated with extent of metastatic
disease (fig 1). There were significant differences in circulat-
ing biomarker concentrations between the groups with no
metastases, local lymph node disease, distant nodal disease,
,5 liver metastases, and >5 liver metastases (Kruskal-
Wallis, p,0.001).

Plasma pancreastatin was raised in 24 of 56 patients
(median concentration 18.9 pmol/l (interquartile range 5.4–
75.8); laboratory upper limit of normal 27.1). Patients with
documented liver metastases had significantly higher plasma
pancreastatin concentrations (n = 28; median 67.7 pmol/l
(interquartile range 21.7–148.9)) than those without (n = 28;
median 6.8 pmol/l (interquartile range 4.1–17.6); p,0.001).
Only four of 28 patients without liver metastases had a
plasma pancreastatin concentration above the upper limit of
normal. The positive predictive value of a raised pancreastatin
for identifying patients with liver metastases was 83%.

Pancreatic polypeptide was raised in 31 of 63 patients.
There was neither a relationship with the extent of
metastases nor a correlation with other biochemical data.

Univariate analysis
Ninety four of 139 patients died during follow up. Median
survival from diagnosis was three years (interquartile range
0.7–6.6). Survival rates (95% confidence intervals) at one,
two, three, and five years were 82% (76–88%), 75% (68–83%),
68% (60–76%), and 53% (44–62%), respectively.

Univariate analysis of all clinical and biochemical data
revealed several factors with an adverse effect on survival
(table 1). Variables with no significant effect on survival
included lymph node metastases, ,5 liver metastases,
symptoms at diagnosis, and site or size of primary tumour.
There was a trend towards worse survival in the 21 patients
with echo proven carcinoid heart disease compared with the
34 with normal echocardiography (p = 0.076).

For biochemical data, 73 patients had a plasma NKA
concentration recorded but only 48 of these were within one
year of diagnosis and prior to any therapy (other than
original surgery). Of the 48 suitable for analysis, nine had

A B

Figure 1 Relationship between circulating biochemical markers (5-hydroxyindolacetic acid (5HIAA) (A) and neurokinin A (B)) and extent of metastatic
disease in patients with midgut carcinoid tumours.

Table 1 Factors associated with a poor outcome (log
rank tests) on univariate survival analysis for patients with
midgut carcinoid tumours

Factor p Value

Raised plasma neurokinin A 0.0001
Raised urinary 5HIAA 0.0001
Increasing age 0.003
>5 liver metastases 0.004
Lack of resection of primary tumour 0.006
Plasma pancreastatin 0.0089
Breach of serosal surface on histology 0.048

5HIAA, 5-hydroxyindolacetic acid.
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NKA sampled prior to surgery but pre- and postoperative
NKA did not differ significantly. Only one patient was
considered to have had curative surgery and this was the only
patient to have a marked reduction in NKA post-surgery (34
to 8 ng/l). Seventy nine of 100 patients with recorded 24 hour
urinary 5HIAA output were suitable for analysis.

Multivariate analysis
With all seven covariates identified by univariate testing, only
20 patients had complete data providing an ineffective
analysis with no significant results. Age, serosal breach,
resection of primary tumour, and >5 liver metastases were
entered into an initial Cox regression analysis to identify
clinical prognostic indicators. A total of 111 patients were
included, and age was the only significant clinical covariate
(p,0.001). Five or more liver metastases gave a raised hazard
ratio but this was not significant (hazard ratio 1.82;
p = 0.07).

Age and >5 liver metastases were used as baseline clinical
parameters for further analysis with each of the biochemical
markers added individually. Likelihood ratio testing was
performed at each stage to determine which of the covariates
best predicted risk. Biochemical predictors which were
positively skewed were log transformed before analysis.
Plasma NKA concentration (48 patients in the analysis)
was the most significant predictor compared with plasma
PST and urinary 5HIAA. These analyses confirmed that liver
metastases did not independently predict outcome.

Age and log transformed plasma NKA, PST, and urinary
5HIAA output were entered into a final Cox regression
analysis (35 included). The only significant covariate was
NKA (p = 0.002), confirming that it is the strongest and only
independent predictor of survival.

Predictors of prognosis
As the only independent marker of prognosis, initial plasma
NKA concentration prior to therapy could be used to estimate
survival for this cohort using Kaplan-Meier methodology
(fig 2).

Biochemical and prognostic effects of therapy
Of the 52 patients treated with somatostatin analogues,
median time from diagnosis to starting therapy was six
months (range 1 week to 21 years). Thirty three of these 52
patients had octreotide scintigraphy performed and 30 (91%)
were positive. Plasma NKA concentrations pre and post-
treatment were available for 33 patients. Median delay from
starting therapy to measurement of plasma NKA was 74 days
(interquartile range 28–124 days). Median NKA concentra-
tion pre-therapy was 79.4 pmol/l (interquartile range 34.4–
140.3) and 34.4 pmol/l after therapy (interquartile range
16.8–119.1; p = 0.021) (fig 3). Excluding five patients with
plasma NKA concentrations in the normal range before and
after therapy, 22 patients had a reduction in NKA, one had no
change, and five had an increase. Taking a reduction or
stabilisation of plasma NKA as a measure of biochemical
response, there was a markedly increased survival in
responders compared with those in whom NKA increased
post-therapy (one year survival rates 87% and 40%, respec-
tively) (fig 3). Pretreatment plasma NKA concentrations were
not significantly different in the two groups (median
concentrations 104.6 pmol/l and 143 pmol/l, respectively;
p = 0.15).

Twenty patients had a reduction in urinary 5HIAA output
following treatment with somatostatin analogues and 10
patients had an increase. This result of therapy was not
associated with any effect on survival. Plasma pancreastatin
concentration was also found to increase to more than double
pretreatment levels in five patients; all of these patients died
within 14 months.

There were insufficient numbers to analyse the other forms
of therapy.

Time dependent covariate analysis
Seventy three patients had at least one recorded plasma NKA
concentration, with median number of determinations being
4 (range 1–16). Initial plasma NKA (log transformed) gave
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the best survival risk stratification in the multivariate
analysis at diagnosis. A Cox’s proportional hazards model
was therefore established, including the initial plasma NKA
concentration along with the most recently measured value
which was incorporated as a time dependent covariate.
Effects on survival of the original plasma NKA concentration
and the most recent concentration were compared (table 2)
and the results indicated that survival was best predicted by
the most recent result. Furthermore, bearing in mind that the
initial plasma NKA was strongly related to outcome, the
effect of the most recent plasma NKA results was greater
than the original concentration. The influence of the most
recent plasma NKA concentration was such that the
influence of the original concentration ceased to be sig-
nificant, thus suggesting that altering plasma NKA concen-
tration had a strong effect on survival.

DISCUSSION
Previous research on prognosis specifically for midgut
carcinoid tumours has produced conflicting results.12 29 30

Liver metastases and age are the only consistently proven
factors predictive of poorer survival. This provides little
clinical assistance in assessing prognosis as hepatic spread is
common and prolonged survival is possible, even in the
presence of liver metastases. Increasing age is a predictor of
mortality, irrespective of disease. It is interesting to note in
our analysis that the presence of less than five liver
metastases had little effect on prognosis, a feature also noted
in the paper of Janson and colleagues.12

Our results suggest that circulating plasma markers are the
most important prognostic indicators for midgut carcinoid
tumours. Plasma NKA was an independent prognostic
indicator and had the strongest association with outcome.
We propose that NKA can be used to identify patients with
the most aggressive disease at an early stage in their
management.

All cause mortality was chosen as our end point but disease
specific mortality was also analysed to determine if the
prognostic marker results remained consistent. The results
for disease specific mortality were identical to those shown,
with the exception of age ceasing to be significant.

The biochemical effects of treatment with somatostatin
analogues are well recognised but their clinical significance,
beyond symptomatic relief, is uncertain. This is the first study
to assess the prognostic effects of altering biomarkers with
somatostatin analogue therapy. We have shown that peptide
secretion by midgut carcinoid tumours can be used to predict
outcome, supporting the work of Janson et al on chromo-
granin A.12 However, prior to this study, the clinical
significance of altering the biochemical properties of midgut
carcinoid tumours with somatostatin analogue therapy has
not been investigated. Neither has a definite survival
advantage for treated patients been proven.

Desai et al investigated the clinical significance of
biochemical response to hepatic artery chemoembolisation,

proposing that plasma pancreastatin may be useful in
predicting response.31 However, no study to date has
demonstrated the potential survival benefit of the known
biochemical response with somatostatin therapy.

Our results demonstrated a survival advantage in patients
with a biochemical response to somatostatin analogues. In
patients with a raised plasma NKA, a reduction of this
biomarker following somatostatin analogue therapy was
associated with an 87% survival at one year compared with
40% if it increased. Furthermore, a doubling of plasma
pancreastatin appeared to be associated with a very poor
survival. These observations are strengthened further by the
larger time dependent covariate analysis concluding that
prognosis is related more closely with the most recent plasma
NKA. This implies that any alteration in NKA predicts
improved, or worsening, survival.

It is already apparent that monitoring of chromogranin A is
useful postoperatively in detecting recurrence.32 We now
propose that NKA is a useful clinical marker of response to
therapy. At present, tumour response (regression or disease
stabilisation) is difficult to determine and can only be confirmed
over intervals with radiological investigations. In patients with
severe progressive disease, it is not ideal to wait until there is
progression of disease before deciding that treatment is
inadequate. As a result, any early marker of treatment failure
is a valuable tool. Sequential measurements of NKA in the
follow up of patients with midgut carcinoid tumours could
identify those not responding to treatment and allow more
aggressive therapy before waiting for clinical deterioration.

In summary, this is the first paper to demonstrate the
relevance of plasma NKA in assessing the prognosis of
patients with midgut carcinoid tumours. More important,
however, is the survival prediction that it confers in response
to treatment. These results are the first to provide evidence to
support a better survival when there is a biochemical
response with somatostatin analogue therapy.
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Answer

From question on page 1574
Biopsy specimens of the ileal and colonic lesions showed a diffuse infiltrate of atypical
lymphoid cells with positive immunohistochemical stains for CD5, CD20, and cyclin D1,
consistent with mantle cell lymphoma. A diagnosis of mantle cell lymphoma at advanced
Ann Arbor stage IV was made, and CHOP based combination chemotherapy was initiated.
Complete remission has not yet been achieved despite repeated chemotherapy.

The rare colonoscopic images (figs 1, 2) represent characteristic features of multiple
lymphomatous polyposis (MLP), as coined by Cornes1 in 1961 to describe polypoid
involvement of long segments of the gastrointestinal tract by lymphoma, which was
subsequently found to represent involvement by mantle cell lymphoma. Recent studies have
shown that most patients with mantle cell lymphoma have gastrointestinal involvement,
usually at the microscopic level, even in macroscopically normal mucosa. This disease has an
elderly male predominance and major abdominal symptoms are diarrhoea, pain, and
haematochezia. The differential diagnosis of MLP includes adenomatous and hamartoma-
tous polyposis syndromes. As mantle cell lymphoma has a poor response to conventional
chemotherapy, more aggressive radiochemotherapy with haematopoietic stem cell
autotransplantation have been implemented.
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